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GLOSSARY

Average residence dust lead (dioxin) loading: The arithmetic mean of the results from multiple
(typically three) dust wipe samples that were collected from each residence before (i.e., pre-cleanup dust
lead/dioxin loading) and after (i.e., post-cleanup dust lead/dioxin loading) cleaning.

Centrographic statistics: The two dimensional counterparts to the traditional univariate statistics that are
used to describe the location (e.g., mean, median) and dispersion (e.g., standard deviation) of a single
variable. Centrographic statistics are used to describe the geographic center of collection of objects,
their distribution in space, and the orientation of the distribution; e.g., buildings with PCMe exceedances.

v
Clean and test buildings: Buildings that contain one or more residen mon areas that were
cleaned and then tested for airborne asbestos; a subset of these resi tested for metals and
dust dioxin loading (mass/unit area). Many clean and test bu als ences that were

tested but not cleaned, at the request of the residents.

Clean and test data: Consists of the results of samplesico
were cleaned and then tested for airborne asbestos; a selec i so tested for
dust lead loading and dust dioxin loading. )

Common areas: Areas of residential build i building occupants; e.g.,
hallways, laundry rooms, stairwells.

Count data: A type of categorical data that repr
interval of time, space or volume; e. g the numb
area surrounding the WTC si -

Dust dioxin loading: Nano er of sampled surface (ng/m")
Dust diox gs that exceed the health-based benchmark of
2 ng/m

Dust wipe sample esidential dust that were collected from residences and common areas.
Samples were typicall ed from three different surfaces within an apartment (e.g., walls, floors,
counter tops).

Nearest neighbor distance (NNd): Used in the point pattern analysis to assess the spatial distribution of
PCMe exceedance. The NNd is the average distance between a PCMe exceedance and the closest other
PCMe exceedance. The NNd is compared against the distance that is expected if the PCMe exceedances
are randomly distributed in space. Values less than the expected distance indicate spatial clustering,
values greater than the expected distance indicate dispersion.

PCMe: Asbestos phase contrast microscopy equivalent (PCMe) concentrations measured by TEM. Phase
Contrast Microscopy equivalence (PCMe) is a process to identify asbestos fibers by TEM analysis that
would also be visible by PCM.
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PCMe exceedance: PCMe results that exceeded the health-based benchmark of 0.0009 fibers per cubic
centimeter (f/cc) of air.

Point pattern analysis: A statistical analysis in which the emphasis is on the location of events (e.g.,
PCMe exceedance), rather than the magnitude of the data (e.g., PCMe concentration). The focus of point
pattern analysis is often to test the null hypothesis of complete spatial randomness (CSR) (i.e., the
distribution of events follow a homogeneous spatial Poisson process). The nonparametric hypothesis of
spatial randomness is also tested in this report, using computer simulation methods.

Poisson distribution (Poisson model): Used to describe the occurrence of rare events. The Poisson

distribution is used throughout this report to describe the distribution of PCM cedances. The Poisson
distribution is typically used to model the occurrence of an event durmggg ixed period of time or within a
fixed region of space. :

values.

Ripley’s K function: Used in the point pattern analysi
exceedance. Ripley’s K function counts the number 6f of
an event. The count is repeated for each event. Ripley’s K
Typically, Ripley’s K function is calculated for several distanct vals and the values are plotted versus
the distance intervals. Values greater than z i i ing, values less than zero indicate

dispersion.

Spatial autoregression: A type of statistical re
autocorrelation exhibited by the data, if any.

Spatial clustering: The te e to be spaced closer together than is likely if the
exceedances were rand ndomly distributed among the sampled buildings)
Spatial dispersion: The te be spaced further apart on average than is
likely if the exceedances wer ace (i.e., randomly distributed among the
sampled bug os) spatial dispersion.

Spatia f geographic aggregation. In this report, PCMe data are
analyzed t the building level and at the statistical summary area (SSA)

Spatial scale:
spatial scale is Low

aphic extent over which an analysis is performed. In this report, the
south of Canal Street.

TEM: Transmission el n microscopy; an analytical method to identify and count the number of
asbestos fibers present ifla sample.

Test only buildings: Buildings that contain one or more residences that were tested for one or more of the
following: airborne asbestos, dust lead loading, dust dioxin loading, but were not cleaned, at the request
of the residents. Most test only buildings also contain residences or common areas that were cleaned and
tested.

Test only data: Results of samples collected from residences that were tested for one or more of the
following: airborne asbestos, dust lead loading, dust dioxin loading, but were not cleaned, at the request
of the residents.
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Unique test only buildings: Buildings that contain one or more residences that were tested for one or
more of the following: airborne asbestos, dust lead loading, dust dioxin loading, but were not cleaned, at
the request of the residents. Unique fest only buildings do not contain residences or common areas that
were cleaned and tested.
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ACRONYMS

PCMe phase contrast microscopy equivalent
TEM transmission electron microscopy
CV coefficient of variation

TEQ toxicity equivalent quotient

SSAs statistical summary areas

iid independent and identically distributed
NNd nearest neighbor distance

NNI nearest neighbor index

N total number of events

A area of the site

CSR complete spatial randomness

CI confidence interval

S-W statistic ~ Shapiro-Wilk statistic
ficc fibers/cubic centimeter
pg/ft* micrograms per square foot

2
ng/m nanograms per square meter
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Executive Summary

Introduction and Background

This report presents and summarizes the results of EPA’s World Trade Center Dust Cleanup and Testing.
Under the authority of the Robert T. Stafford Disaster Relief and Emergency Assistance Act (Stafford
Act), EPA formed an Indoor Air Task Force in February 2002. In April 2002, the Mayor of the City of
New York requested that EPA serve as the lead agency for addressing pot ﬁ v ffects of WTC dust on

residences in lower Manhattan. EPA subsequently developed and im ted a comprehensive

that lower Manhattan

lower

¢ A Confirmation Cleanin eness of various cleaning
techniques on WT ! v

e A Background ants in indoor air and settled dust in residences
North of 78th:

Overview of

homes, under the ¢ n of YA. Owners and managers of residential buildings and coop boards could

also have their building's imon areas cleaned and HVAC system evaluated and cleaned, if necessary.
The cleaning and monitoring contractors cleaned and tested common areas such as the building lobby,
hallways, stairways and elevator interiors. The contractors evaluated other common areas, including

laundry rooms, utility rooms, compactor rooms, and elevator shafts and cleaned as needed.

Residences were cleaned using standard asbestos cleanup methods — using HEPA-filtered vacuums and
wet wiping all horizontal hard surfaces (i.e. floors, ceilings, ledges, trims, furnishings, appliances,

equipment, etc.). Vertical and soft surfaces were HEPA vacuumed two times. EPA did not require
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workers to wear personal protection equipment during these routine cleanups because OSHA determined
that such equipment was not necessary. As an added precaution, contractors isolated the areas containing

visible dust and wore personal protection equipment.

Depending upon the size of the residence, from three to five air samples were collected and analyzed for
asbestos using transmission electron microscopy (TEM) and phase contrast microscopy (PCM). In a
subset of the residences, pre- and post-cleanup dust wipe samples were collected (e.g., from floors, walls,

and furniture) and analyzed for dioxin, mercury, lead, and 21 other metals

gsults of this sampling,
s,

results are blown or damaged filters. Residents:
to have their apartments re-cleaned and re-teste ) a? ample results were analyzed,
22,497 from residential units arnd: ( residential buildings (e.g., hallways,

laundry rooms).

Results
Asbestos
-based benchmarks for airborne asbestos was very small

In those cases where the benchmark was exceeded in both

Wipe Samples
Contractors collected wipe samples from 263 apartments in 156 buildings. Approximately 14% of the
pre-cleanup samples exceeded the U.S. Housing and Urban Development (HUD) screening level of 25
ng/ft’, while only about 3% of the post-cleanup samples exceeded the screening level. This showed that
the cleanup methods were effective in reducing lead. The percent of apartments that exceeded the lead
health-based benchmark was greater than the percentages of apartments that had exceedances for other

metals, mercury and dioxin. The level was consistent, however, with data from the HUD on housing
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stock in the Northeast United States. This factor makes it difficult to distinguish between lead from World

Trade Center dust and other sources, especially in older buildings.

There were very few exceedances of the health-based screening values measured for any of the other 22
metals. The screening value of 627 pg/m” for antimony was exceeded in 2 pre-cleanup samples (0.1% of
all samples); the maximum measured value was 1,180 pg/m”. The screening value of 157 pg/m? for

mercury was exceeded in 5 pre-cleanup samples (0.4% of all samples).

building.
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1.0 Introduction

The U.S. Environmental Protection Agency (EPA) supported federal, state, and New York City efforts to
recover from the federally declared disaster resulting from the September 11, 2001 attack on the World
Trade Center (WTC). These actions were taken under the authority of the Robert T. Stafford Disaster

Relief and Emergency Assistance Act (Stafford Act) and in accordance with tl

applicable procedures
cy Plan, 40 C.F.R. Part 300
n by EPA to cleanup the

and policies of the National Oil and Hazardous Substance Pollution Contin
(the NCP) (EPA, 1990). This report provides a summary of the actions't

indoor environment in Lower Manhattan.

the vicinity of the WTC complex were contaminated with d ris %llowing the WTC attack; and
there was growing concern in the re-occupied residential commur of Lower Manhattan regarding
potential long-term health problems associat ated.indoor dust (Figure 1-1). EPA

formed an Indoor Air Task Force in February, 21 ] ‘ yor of the City of New York,

‘ e Stafford Act, specifically Sections 403 (Essential Assistance) and 407
; g) First, EPA directed a Confirmation Cleaning Building Study (EPA,

2003a) by collecting salﬁles in a building that had only minimal cleaning after the attack, employing and
evaluating various cleaning techniques on WTC-related dust. Second, EPA directed a Background Study
(EPA, 2003b) to provide monitoring data on indoor air contaminants in residences north of 78th Street,
which were minimally affected by the collapse of the WTC, so that such data could be compared with
data obtained in residences in Lower Manhattan. Third, EPA, along with the New York City Department
of Environmental Protection (NYCDEP), provided for the monitoring and cleaning of Lower Manhattan

residences through the Indoor Air Residential Assistance Program-WTC Dust Cleanup. Under this
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Figure 1-1. Site location map
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Upper Manhattan
Background Study

WTC Indoor Dust
Program

Figure 1-2. Illustration of the four components that comprised the WTC Dust Cleanup Program.
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program residents were given the option of requesting either cleaning followed by sampling, or sampling
alone. Pursuant to interagency agreements under the Stafford Act, FEMA provided funds to the city,
which used its emergency contracting authority to enter into contracts for a hotline contractor to register
residents for the indoor dust cleaning program, and with certified asbestos cleanup contractors to
professionally clean apartments, as well as with Project Monitors to oversee the cleaning contractors and
conduct air monitoring. The actual cleaning and monitoring was carried out by NYCDEP contractors,

under the direction and oversight of EPA, in coordination with the city. The samples collected by the

NYCDEP contractors were analyzed by EPA contractors.

monitoring activities proceeded. This document provi
#

settled dust. The data from the Confirmation and Backgr ;

believed this was app ven the urgency and scope of the actions needed to help restore Lower

Manhattan to pre-9/11 conditions. In developing the Indoor Air Residential Assistance Program-WTC
Dust Cleanup, EPA relied on the existing data, the intergovernmental collaboration process, and

discussions with scientific, technical, and medical professionals and concerned community members.

The Indoor Air Residential Assistance Program- WTC Dust Cleanup responded to a disaster involving a
release that was most certainly not typical, not only because of the terrorist act that led to the release but
also because of the unique challenges posed by the presence and potential presence of WTC dust in

thousands of Lower Manhattan apartments. When the WTC collapse occurred, there was a release of
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asbestos, a hazardous substance, to the environment. The debris and pulverized dust from the collapse
affected many structures in Lower Manhattan to varying degrees. This release was documented by bulk
dust sampling done by EPA; approximately 35% of bulk dust samples outdoors contained greater than 1
% asbestos, which is a regulatory definition of asbestos-containing material (ACM) under federal, state

and local statutes.

Limited investigation of residential indoor environments was conducted in the weeks and months after the

ndoor air cleanup p

Manhattan imilar to the comparison

adjacent to each other, differing levels of asbestos. EPA believes that the dust materials that reached
the interiors of structures were likewise variable in its deposition. In addition, some of the material may
have contained asbestos at levels of concern for long-term risk, even though it may not have exceeded 1%
ACM. Given that there are over 20,000 residential units in Lower Manhattan, specifically identifying
which of them were affected by amounts of dust potentially causing long-term health effects would have
been time- and resource-intensive. In addition, making risk or exposure assessments in indoor

environments is very complex. The age, building materials, house keeping practices, past and current
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usage of the space may all impact exposure. The variability of the WTC debris/dust material and the

manner in which it affected building interiors adds another layer of complication.

In deciding upon a cleanup program for Lower Manhattan residences EPA considered the following:

e the complexity of sampling dust material for quantities of hazardous substances and the lack of
scientific consensus on how to do so;

o the absence of standards that have broad scientific support which relate airborne exposure routes
to dust containing hazardous substances; and

o the absence of health- or risk-based standards for dust.

determined that rather than’

would be perf

The

stance programs, was biased towards immediate action to protect the
f Lower Manhattan, was consistent with federal disaster plan
guidelines, and adhere ¢ applicable and appropriate provisions of the NCP.

Therefore, in response to the WTC collapse, EPA set in motion a program that moved its components
(which might otherwise be implemented sequentially) along parallel tracks for the purpose of initiating
residential cleanups as soon as possible. These components included: development of health-based
benchmarks for indoor air and settled dust (EPA, 2003c); a site-specific characterization of background
(EPA, 2003b); and, a study to assess the effectiveness of cleaning methods (EPA, 2003a). Each of these

components informed the most important part of the program - the timely cleanup of residential
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dwellings. In developing the WTC Dust Cleanup Program EPA relied on existing data, the
intergovernmental collaboration process, and discussions with scientific, technical and medical
professionals and concerned community members. The concurrent program components, which are
schematically illustrated in Figure 1-2 were designed in such a way that adjustments and modifications to
the Indoor Dust Program could be implemented based on information, as it became available, from these
other initiatives. The material that follows provides a summary of efforts to develop health-based
benchmarks, characterize background, and assess the efficacy of cleaning methods, (detailed reports on

these efforts have already been issued and are available on the EPA website WWW.epa.gov/wte/ );

and a detailed analysis of the results of the WTC Dust cleanup Prograngg
k
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2.0 WTC Dust Cleanup Program Components

As noted in the Introduction of this report, a number of initiatives were undertaken concurrently to

expedite the cleanup of residences in Lower Manhattan; they are described below.

Contaminants of Potential Concern Report (COPC)

ed a%proach was used to select

present within indoor environments

A
rm habitability of residential

eloping benchmark values, including relevant

were effective in reducing contaminants from dust generated from the WTC collapse and recovery efforts
(EPA, 2003a). EPA, with support from FEMA and New York City, studied cleaning methods in a
heavily contaminated building on Liberty Street, just south of the WTC site. The cleaning confirmation
study examined various cleaning and vacuuming methods that were likely to be used by or were
recommended to residents and professional cleaning companies to clean dust and debris from residential

living areas in the aftermath of the attacks.
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EPA contractors cleaned homes and a few commercial spaces in the building that contained a complex

mixture of contaminants, including construction debris and fire-related compounds.

Eleven cleaning methods were selected and assigned to the residential units within the building according
to the levels of observed dust. Each cleaning method was tested in units with significant and minimal

levels of dust. The following cleaning methods were used:

Residential quality upright vacuums and shop vacuums
Residential quality upright vacuums with the addition of an air fi
HEPA-filtered upright and shop vacuums
HEPA-filtered upright and shop vacuums with the additior%
Industrial quality HEPA-filtered vacuums "
Industrial quality HEPA-filtered vacuums with the add
Wet wiping of all horizontal and/or vertical surfa

Carpet cleaning
Standard cleaning procedures used by profesgigin

oy
ion device (AFD)

o The use of a standard cleaning method of vacuuming and wet wiping significantly reduced levels
of WTC-related contamination with each cleaning event and was successful in reducing

concentrations to levels below health based benchmarks.

¢ In some cases, multiple cleaning sessions (2 or 3) were necessary to reduce contamination. The

methods were highly effective in reducing all COPC below health-based benchmarks.
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e Asbestos in air is a reasonable indicator of whether additional cleaning is needed. Based on the
compounds and testing methods chosen, the data suggests that using asbestos air samples as an
indicator for additional cleaning is the most sensitive of the testing methods, as it resulted in the

largest percentage of additional cleanings.

e Standard HVAC cleaning methods reduced the concentrations of WTC contaminants in HVAC

systems.

WTC USEPA Background Study

The third component of the USEPA’s WTC response was a b 2003b) to determine
concentrations of building-related materials and combusti ‘

A background study was initiated because limited in the
analytes that were identified in WTC-related dust. Charac luation of theidegree of
impact to the indoor environments required knowledge regardin -attack concentrations of the
potential indoor contaminants. Although lated dust have been used

The objective of the ﬁfc ndoor concentrations of building-related
materials and ma byproducts, including asbestos, synthetic
vitreous fib lline silica'(as alpha-quartz), calcite, gypsum, dioxin, and
polyc % l :&ge results from the background study were to provide a
basis upo decisions if the health-based benchmarks could not be

Volunteers residing in Upper Manhattan locations that were minimally impacted by the WTC collapse
were recruited for the study. The outer boundary of the affected area was determined from a preliminary
dispersal and dilution model using meteorological data on September 11, 2001 (EPA, 2001) and shortly
thereafter. Computer modeling results showed that Upper Manhattan locations north of 78" Street,
approximately eight kilometers or five miles from the WTC site, would be minimally affected by WTC
fallout dust. The computer model predicted that the concentration of fallout particulate matter for areas

north of 78" Street would be from 1,000 — 10,000 times less than that at the WTC site (Figures 2-1 and
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2-2). Air and settled dust samples were collected from 25 residential units and 9 common areas within

14 buildings. The sampled buildings were approximately 8 — 19 kilometers (5 — 12 miles) northeast of
the WTC site. When possible, samples were collected from two residential units and from one common
area, such as the lobby, hallway, stairwell, or shared laundry facility in each building. The comparison of
the results from the background study to the data from the WTC site did not include formal tests to
determine if the concentrations were statistically significant due to the disparity in the number of samples

that were collected from each building, and the large number of samples that were collected in each study

with results below detection limits (i.e., high rate of non-detects).

Evaluation of the data collected from the WTC USEPA Backgrou
of baseline levels or background concentrations of compound
the World Trade Center collapse; show that the estimated
other background studies and historical data, when cgég v»
of data to help address data gaps in the scientific literature on
related materials.

%

Overview of the WTC Dust Cleanup Progra

¥

05 through December 28, 2002.

description of the cle ocol is summarized below.

Cleanup work was conducted by contractors and workers (the Cleanup Contractor) certified by New York
State and New York City. Separate, third-party contractors, also licensed by New York State, oversaw
the cleanup work and conducted all testing (the Project Monitor). Further direct oversight was provided

by EPA personnel. All personnel involved in this program carried appropriate photo identification.
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Figure 2-1. Simulation of WTC plume on the morning of the attack. National Oceanic and
Atmospheric Administration meteorological stations are indicated as: Newark (EWR), Teterboro
(TEB), LaGuardia Airport (LGA), Central Park (NYC) and John F. Kennedy Airport (JFK). Numbers
in red are the hourly average concentration of particulate matter <2.5 ym in size in yg/m’>. Plume
direction is towards the south-southeast and dilution of the plume varies from less than 500 to
approximately 1,000,000.
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Figure 2-2. Simulation of WTC plume in the afternoon the day after the attack. National Oceanic and
Atmospheric Administration meteorological stations are indicated as: Newark (EWR), Teterboro
(TEB), LaGuardia Airport (LGA), Central Park (NYC) and John F. Kennedy Airport (JFK). Numbers
in red are the hourly average concentration of particulate matter <2.5 ym in size in yg/m’. Plume
direction is primarily towards the northeast.
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The Project Monitor contacted residents requesting assistance to confirm and schedule cleanup and
testing. The Project Monitor had access to a translation service to assist with the process for those whose
primary language is not English. There were three phases to the actual work: 1) Pre-cleaning inspection;

2) Cleaning; and 3) Testing.

Owners and managers of residential buildings and coop boards could request to have their building's
common areas cleaned and HVAC system evaluated and cleaned, if necessary. After receiving the

request, common areas such as the building lobby, hallways, stairways and r interiors would be

Likewise, if the Project

was notified for evaluation and appropriate follow up action.

Cleaning Scope

Following the assessment, the Project Monitor determined the appropriate cleanup approach. Most
residences were addressed under EPA's "Scope A" cleanup. Residences (typically unoccupied) where
there was still significant amounts of WTC dust and/or debris were dealt with under EPA's "Scope B"

cleanup which adds precautions to require further worker protection and techniques to minimize
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spreading of possible contamination while removing the dust/debris. Areas where localized
accumulations of WTC dust were found in a residence which otherwise had minimal dust (i.e., between
windows, inside air conditioners), were addressed under a Scope B cleanup, wherein the areas containing
the dust were isolated from the remainder of the residence prior to removal. Residents (or their
representatives) may have been present (but did not have to be) during Scope A cleanings. Residents
were not allowed to be present during Scope B cleanings, unless the Scope B cleanup applied to only
parts of the residence. In most cases, cleaning operations took no more than two days.

§§ B,

ledges, trims, furnishings,

In a Scope A cleanup, all horizontal hard surfaces, including floors, ce;%
appliances, equipment, etc., were HEPA vacuumed and wet wiped. 3

HEPA vacuumed two times. Dry sweeping was prohibited. A

rocedures):
p ) y

Terraces, balconies, exterior windo window guards that are accessible
from the interior of the dwelling, w ‘

Interior windows, screens, window s

internally. F be HEPA vacuumed and reinstalled. Air conditioners will be reinstalled

after cleaning.

Intake/discharge registers of HVAC systems (if present) will be removed/cleaned. The first foot
of duct work will also be vacuumed, then the register will be reinstalled and covered with plastic.

Appliances such as refrigerators and stoves will be cleaned and moved. The floor footprint of the
appliances will be cleaned and the appliance will be reinstalled in its original position.

Refrigerator cooling tubes will be brushed and vacuumed.
Stove exhaust fan filters will be cleaned.

The first foot of all exhaust duct work (including stove, dryer and bathroom vents) will be
vacuumed. Exhaust fans will be vacuumed and wiped.
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Closet floors will be vacuumed.

Solid objects (electrical equipment, exercise equipment, etc.) will be wet wiped, moved to allow
cleaning of the underlying surface and will be returned to their original location.

Dishwasher toe plates will be removed and the floor beneath the appliance will be cleaned.

Baseboard heaters will be cleaned. Protective covers on finned radiant heaters and baseboard
heaters will be removed to expose heat elements. Fins are to be brushed and vacuumed to remove
dust.

All cleaning equipment will be vacuumed and/or wet wiped for use on the residence.

In a Scope B cleanup, the areas containing dust and/or debris were seale and%&haust fans equipped

with HEPA filters were used to lower the air pressure within the seal so that no dust escaped.
Dust and debris were bagged and sealed for removal. Workers wore and residents were

dence or to

&

Testing Protocol

cﬁA
Sampling was conducted no later than 24 ho
sampling was conducted in the absence of a clea ) at were analyzed for both

asbestos (separate counts for | i and non-asbestos fibers, were

This final testing phase approximately eight hours and was completed within one day (24 hours) of
the completion of cleanup work. Residents had a choice between two forms of airborne asbestos testing,
modified-aggressive and aggressive. Modified-aggressive testing simulates the normal air movement in a
room where a fan or air conditioner is running. In aggressive testing, a one-horsepower leaf blower was
used to blast air into all corners of the residence before testing was begun. From that point on, the two
tests are identical. Any air conditioners were turned on and 20-inch fans (one per 10,000 cubic feet of

room space) were run at low speeds for the duration of the test. Depending on the number of rooms in a

residence, from three to five air samplers were located in the residence and run for approximately eight
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hours. These samplers draw in a measured volume of room air and collect dust from the air on a filter.
The collected dust is then examined in a laboratory for asbestos using transmission electron microscopy
(TEM). Additional analysis by phase contrast microscopy (PCM) was conducted to obtain a count of

non-asbestos fibrous material.

Residents may have occupied their home during modified-aggressive testing but were cautioned to be

prepared for noise and disruption. Occupants with known allergies, asthma or other health concerns were

otherwise damaged.
g @g

The Project Monitor conducted a post-cleaning inspection of th ment with the resident at the

completion of modified-aggressive samplin§ . essive sampling. During this
inspection the project monitor and the resident ‘
completed and whether any property damage or sident then signed a Project

Completion Form.

EPA notified residen ers of the results of the post-cleanup airborne asbestos testing.
Notification letters incl d an interpretation of the TEM results for long (>5 um) asbestos fibers through
comparison with EPA’s cleanup criteria (see below). Additional information was provided on the results
of total asbestos fibers (>0.5 um) by TEM and total non-asbestos fibers by PCM analysis. Residence-
specific test results were not made public. Residences were re-cleaned and re-tested if any post-cleanup
samples registered levels of asbestos in excess of EPA's cleanup criteria. For “test only” apartments,
residents were eligible for cleaning if any airborne asbestos samples exceeded EPA’s cleanup criteria. A

technical discussion of asbestos air sampling and metals/dioxin wipe sampling can be accessed at

www.epa.gov/wte (See EPA’s WTC Residential Confirmation Cleaning Study; EPA, 2003a).
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Interpretation of test results

Clearance criteria were developed for evaluating airborne asbestos sampling results. A health-based
value of 0.0009 f/cc was established based on TEM analysis of phase contrast microscopy equivalent

(PCMe) fibers. The TEM analysis protocol was adapted from the Asbestos Hazard Emergency Response

act (AHERA) and modified to count only asbestos fibers greater than 5 microns.in length, with an aspect

ratio greater than 5:1, and no minimum width requirement. The basis for e%nce criteria of

0.0009 f/cc (PCMe) is detailed in the COPC Report.

As previously stated, residences were re-cleaned and re-test ng found levels of

1 a case-by-case basis.

Wipe samples were collected and analyzed in accordance with the procedures and methods presented in
the Quality Assurance Project Plan (QAPP). Procedures for the collection of wipe samples are detailed in
Appendix F of the QAPP (EPA, 2003a). Samples were collected and analyzed for 22 metals, mercury
and dioxin (EPA, 2003a, Appendix Z, Table Z.3). Of these, dioxin and lead were identified as COPCs
that are likely associated with the WTC disaster. A summary of the wipe sample results is presented in

Appendix Z. Detailed results for lead and dioxin are provided in Section 3.
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3.0 WTC Dust Clean-up Program

Data analyzed in this report were extracted from the Residential database on September 10, 2003. A copy
of the data set, with data necessary to protect the privacy of individual participants in the program
redacted, is available from the EPA Region 2 Records Center. Appendix B contains a detailed discussion

of the results presented in this section.

%,

Overall, the data indicate a low rate of exceedance of the health-base arks that were established

3.1 DATA SUMMARY

3.1.1 Summary of TEM (PCMe) data

The asbestos clearance criteria for the WTC Indoor Air Clean-up Program were based on long (i.e.,
>5 um) fiber counts. The use of a minimum fiber length of 5 um for carcinogenic activity represents
current scientific consensus and reflects the criteria in EPA’s Integrated Risk Information System (IRIS)

toxicity data base for attributing carcinogenic potency.
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Table 3-1. Summary of Available Asbestos PCMe Results

Summary of residential airborne asbestos data. The data represent phase
contrast microscopy equivalent (PCMe) concentrations measured by
transmission electron microscopy (TEM). The health-based benchmark of
0.0009 fibers/cubic centimeter was exceeded in a very small fraction of the
samples. Occupants of residences with one or more exceedance for PCMe
were offered recleaning.

Sample Type Residential Samples
Samples collected 22,497
Number of samples 102
>0.0009" (exceeds)

Percent exceeds 0.45%
Maximum concentration 0.0204
Minimum concentration Not detected” | i

*The health-based benchmark for asbestos is 0.0009 fibet v
®Detection limit ranged from 0.0004 to 0.0005 fibers/cubic
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Phase Contrast Microscopy equivalence is a process to identify asbestos fibers by TEM analysis that
would also be visible by PCM. The optical resolution of the phase contrast microscope is approximately
5 microns in length and 0.25 microns in width for fiber analysis. Historically, most of the occupational
studies available (and reviewed by IRIS) to estimate the cancer potency of asbestos, employed PCM
analysis. Therefore, in cases where TEM is used for asbestos analysis, fiber counts need to be adjusted to
PCMe.

The asbestos counting rules employed for the WTC Indoor Clean-up Progr designed to record

obtaining larger samples volumes) in order %

risk-based clearance criteria.

3.1.2 Summary of T

The database contained 1,540 wipe samples for dust lead loading that were collected from 263 residences,

located in 157 buildings. Summary statistics for the data are provided in Table 3-3a. Samples that were
below the detection limit of 1.86 pg/ft* were set equal to the detection limit. Review of existing
environmental standards/regulations identified an applicable and relevant standard to set a health-based
benchmark for lead in interior dust. The Residential Lead-Based Paint Hazard Reduction Act (Title X)
Final Rule (40 CFR, Part 745, 1/5/01) established uniform national standards for lead in interior dust.
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Table 3-2. Number of Samples of Residential Airborne Asbestos Analyzed
by Transmission Electron Microscopy (TEM) and
By Asbestos Type Detected

For samples where asbestos was detected; chrysotile was encountered in
approximately 92% of the residential samples, and in 91% of the samples
collected from common areas. The next most frequently identified type of

Asbestos type Residential Samples
Not detected 21,543
Actinolite

Amosite

Amosite/Chrysotile
Amosite/Chrysotile/Crocidolite
Amphibole

Anthophyllite
Anthophyllite/Chrysotile
Chrysotile
Chrysotile/Actinolite
Chrysotile Amphibole
Chrysotile/Tremolite
Crocidolite

Gypsum fibers present”
Tremolite

6,205

*Non asbes
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Table 3-3. Statistics for All Lead Wipe Data
Combined (pg/ft’)

This table provides summary statistics for
residential dust lead loading data that was
collected from residences that were cleaned
and tested (both before and after cleanup), and g g

tested only.

Apartments sampled”
Buildings sampled
Number of samples
Nondetects
Exceedances @

25 ng/ft’®
Exceedances @

40 pg/ft*®

(17.1%)
5 (8.8%)

apartments, for a tota
°Exceedance: lead wip
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Thus, both EPA and the United States Department of Housing and Urban Development (HUD) have set a
dust standard for lead of 40 pg/ft* for floors (including carpeted floors), and 250 pg/ft* for interior
window sills. To support the development of a dust standard, EPA performed an analysis of the
Rochester Lead-in-Dust Study (HUD, 1995). At 40 pg/ft’, a multimedia analysis shows a 5.3%
probability that a child’s blood lead level would exceed 10 pg/dL. Thus, this standard meets the criteria
established by EPA (i.e., 95% probability to be below 10 pg/dL) (EPA, 1994) for managing
environmental lead hazards. However, an additional increment of protectiveness was added by setting the
health-based benchmark for lead in settled dust at the more stringent HUD set g
t) were above the HUD

Approximately 9% of all lead wipe samples (i.¢., fest only and clean and

on of dioxin that may have been present. At least

one of 1 6.0f the samples; the remaining 399 samples were reported

nd clean and test; Table 3-6) exceeded the health-based benchmark for
ng/m2 (Table 3-6).

f Dust Wipe Data for Other Metals

Data for 21 metals, in addition to lead, were collected. Statistics for the 21 metals (plus lead and dioxin),
and the reduction in the average dust loading rates for each, are provided in Table 3-7. The data are
grouped into three categories in Table 3-7: samples collected from residences and common areas that
were cleaned and tested (clean and test samples), samples that were collected from residences that were

tested only (fest only samples), and the combination of these two categories (all samples).
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Table 3-4. Statistics for Lead Wipe Clean and Test Data.

S-W statistic=0.89/0.85, p<0.0001/p<0.0001). This table incly
observations that have been treated as outliers in subseque_%g '
Section 3.4.1 for details). Statistics for the data set, afte ren
outliers, are provided in Tables 3-7a and A-1a.

The clean and test subset of the data exhibit very high positive skewness and
high variability. The raw data and log-transformed pre- and post-cleanup data
fail the S-W test for normality (log-transformed data [pre-/post-]

Statistic

Apartments sampled

Buildings sampled

Number of samples
Nondetects

Exceedances @ 25 pg/ft** 21 (3.1%)
Exceedances @ 40 pg/ft*° % 12 (1.8%)
Minimum 1.86
Median 6.38
Mean 19.03
Maximum 7250
Standard devi 279.64
Skewness 25.77
8.07 14.70

0.07 0.03

<0.0001 <0.0001

ﬁviation/mean

¢ from a normal distribution

at exceeded the health-based screening level of 25 pg/ft*
exceeded the HUD health-based benchmark of 40 pg/ft*
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Table 3-5. Statistics for Lead Wipe Clean and Test Data with Outliers
Removed.

The clean and test subset of the data exhibit very high positive skewness and
high variability. The raw data and log-transformed pre- and pos

S-W statistic0.90/0.89, p<0.0001/p<0.0001). This table e
observations that have been treated as outliers (see Secti i

Statistic
Apartments sampled
Buildings sampled
Number of samples
Nondetects

Exceedances @ 25 pg/ft**®

.0)

Exceedances @ 40 pg/ft’° 11 (1.6%)
Minimum 1.86
Median 6.37
Mean 8.28
Maximum 394
Standard deviation 19.79
Skewness 13.89
2.39

0.21

<0.0001

%%ealth-based screening level of 25 pg/ft®
¢ HUD health-based benchmark of 40 pg/ft*
rd deviation/mean
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Table 3-6. Statistics for All Dioxin (TEQ)
Wipe Data (ng/m?)

This table provides summary statistics for
residential dust dioxin loading data that was
collected from residences that were cleaned and
tested (both before and after cleanup), and tested
only.

Apartments sampled”
Buildings sampled
Number of samples
Nondetects
Exceedances”

99 (26.0%)
8.(0.52%)

*The database contains mathclﬁfg
cleanup data) for 214 apartments, and t ¢
only pre-cleanup or only post-cleanup) for: rtments,
for a total of 263 apartments. ‘
PExceedance: dioxin ¥vipe samples that exceeded. ealth-
based benchmark of
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Table 3-7. Dust Wipe Sample Data

Total Samples

Samples

Samples

Matched Pre- and Post-Cleaning Samples

Test Only Samples

Samples

Detects 1536 99.5% Detects 1329 Detects 102 99.0%
Nondetects 8 0.5% Nondetects Nondetects 1 1.0%
Nondetects @ 200 7 87.5% Nondetects @ 200 Nondetects @ 200 0 0.0%
Nondetects @ 1000 1 12.5% Nondetects @ 1000 Nondetects @ 1000 | 1 100.0%
Max 319000 Max 45500
Min ND @ 200 Min ND @ 248
Exceedences 0 0.0% Exceedences nces 0 0.0%
Avg Pre-Means:
Avg Post-Means:
Avg % Reduction:
Samples 1544 Samples Samples 103
Detects 13 0.8% Detects Detects 4 3.9%
Nondetects 1531 99.2% Nondetects Nondetects 99 96.1%
Nondetects @ 80 1526 99.7% Nondetects @ 80 Nondetects @ 80 94 94.9%
Nondetects @ 400 Nondetects @ 400 0.0% Nondetects @ 400 5 5.1%
Max Max 404
Min Min ND @ 80
Exceedences 0.1% Exceedences 0 0.0%
Samples Samples 103
Detects 2.2% Detects 1 1.0%
Nondetects 97.8% Nondetects 102 99.0%
Nondetects @ 20 1306 100.0% Nondetects @ 20 97 95.1%
Nondetects @ 100 0 0.0% Nondetects @ 100 5 4.9%
Max 268 Max 100
Min ND @ 20 Min ND @ 20
Exceedences 0 0.0% Exceedences 0 0.0%
21.21
20.06
% Reduction: 2.09

Notes: The ‘Total' sample numbers do not equal the sum of the

ean and Test’ and ‘Test Only’ sample numbers because because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched
pre- and post-cleanup samples collected from the same location.. Similarly, the lead and dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7,
B-7a and B-13 inlcude all pre-and post-cleanup samples (i.e., residences with only pre- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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Table 3-7. Dust Wipe Sample Data

Total Samples

Samples

1544

Samples

Matched Pre- and Post-Cleaning Samples

Samples

Test Only Samples

103

Detects 245 15.9% Detects Detects 17 16.5%
Nondetects 1299 84.1% Nondetects Nondetects 86 83.5%
Nondetects @ 200 1294 99.6% Nondetects @ 200 Nondetects @ 200 81 94.2%
Nondetects @ 1000 5 0.4% Nondetects @ 1000 Nondetects @ 1000 | 5 5.8%
Max 23400 Max 5510

Min ND @ 200 Min ND @ 200
Exceedences 0 0.0% Exceedences 0 0.0%

Avg Pre-Means:

Avg Post-Means:

Samples

1544

Avg % Reduction:

Samples

Samples

103

Detects 0 0.0% Detects Detects 0 0.0%
Nondetects 1544 100.0% Nondetects Nondetects 103 100.0%
Nondetects @ 20 1539 99.7% Nondetects @ 20 Nondetects @ 20 98 95.1%
Nondetects @ 100 5 0.3% Nondetects @ 100 0.0% Nondetects @ 100 5 4.9%
Max ND @ 100 Max ND @ 100

Min ND @ 20 Min ND @ 20
Exceedences 0 0.0% 0.0% Exceedences 0 0.0%
Samples Samples 103

Detects 3.7% Detects 12 11.7%
Nondetects 96.3% Nondetects 91 88.3%
Nondetects @ 20 100.0% Nondetects @ 20 86 94.5%
Nondetects @ 100 0.0% Nondetects @ 100 5 5.5%
Max Max 1180

Min Min ND @ 20
Exceedences 0.0% Exceedences 0 0.0%

% Reduction:

Notes: The ‘Total’ sample numbers do not equal the sum of the /&

ean and Test’ and ‘Test Only’ sample numbers because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched pre- and
post-cleanup samples collected from the same location. Similarly, the lead and dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7, B-7a and
B-13 inlcude all pre-and post-cleanup samples (i.e., residences with only pre- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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Table 3-7. Dust Wipe Sample Data

Total Samples Matched Pre- and Post-Cleaning Samples
|

Test Only Samples

Samples 1544 Samples 1336 Samples 103

Detects 1544 100.0% Detects 1336 Detects 103 100.0%

Nondetects 0 0.0% Nondetects Nondetects 0 0.0%

Max 4050000 Max Max 474000

Min 1440 Min Min 1440

Exceedences 0 0.0% Exceedences Exceedences 0 0.0%
Avg Pre-Means:

Avg Post-Means:

Avg % Reduction:

Samples 1544 Samples 3 | Samples 103
Detects 855 55.4% Detects 54.2% Detects 63 61.2%
Nondetects 689 44.6% Nondetects 45.8% Nondetects 40 38.8%
Nondetects @ 20 684 99.3% Nondetects @ 20 ' 100.0% Nondetects @ 20 35 87.5%
Nondetects @ 100 5 0.7% Nondetects @ 100 : Nondetects @ 100 5 12.5%
Max 1900 Max Max 1900
Min ND @ 20 Min , Min ND @ 20
Exceedences 0 Exceedences . Exceedences 0 0.0%
| |

Samples 1544 Samples 103
Detects 4 0.1% Detects 1 1.0%
Nondetects 1334 99.9% Nondetects 102 99.0%
Nondetects @ 200 1334 100.0% Nondetects @ 200 97 95.1%
Nondetects @ 1000 0 0.0% Nondetects @ 1000 | 5 4.9%
Max 654 Max 1000
Min ND @ 200 Min ND @ 200
Exceedences 0 0.0% Exceedences 0 0.0%

200.92

200.00

0.29

Notes: The ‘Total’ sample numbers do not equal the sum o
post-cleanup samples collected from the same location. Simi
B-13 inlcude all pre-and post-cleanup samples (i.e., residences

d Test’ and ‘Test Only’ sample numbers because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched pre- and
lead and dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7, B-7a and
only pre- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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Table 3-7. Dust Wipe Sample Data
Total Samples Matched Pre- and Post-Cleaning Samples Test Only Samples
| |
Samples 1544 Samples 1336 Samples 103
Detects 1544 100.0% Detects 1336 Detects 103 100.0%
Nondetects 0 0.0% Nondetects | Nondetects 0 0.0%
Max 14500 Max Max 3700
Min 36 Min Min 108
Exceedences 0 0.0% Exceedences Exceedences 0 0.0%
Avg Pre-Means:
Avg Post-Means:
Avg % Reduction: ‘ ‘
Samples 1544 Samples Samples 103
Detects 1544 100.0% Detects 100.0% Detects 103 100.0%
Nondetects 0 0.0% Nondetects 0.0% Nondetects 0 0.0%
Max 228000 Max 212000 Max 168000
Min 207 Min 462 Min 207
Exceedences 0 0.0% Exceedences 0.0% Exceedences 0 0.0%
Avg Pre-Means:
Avg Post-Means:
| |
Samples 1544 1336 Samples 103
Detects 1280 82.9% 4 1090 81.6% Detects 89 86.4%
Nondetects 264 17.1% 246 18.4% Nondetects 14 13.6%
Nondetects @ 1.86 260 246 100.0% Nondetects @ 1.86 10 71.4%
Nondetects @ 9.29 4 0 0.0% Nondetects @ 9.29 4 28.6%
Max 7250 7250 Max 1380
Min ND @ 1.86 ND @ 1.86 Min ND @ 1.86
Exceedences 136 112 8.4% Exceedences 12 11.7%
24.40
16.21
8.19

Notes: The ‘Total' sample numbers do not equal the s
post-cleanup samples collected from the same location.
B-13 inlcude all pre-and post-cleanup samples (i.e., residel

est’ and ‘Test Only’ sample numbers because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched pre- and
nd dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7, B-7a and
re- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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Table 3-7. Dust Wipe Sample Data

Total Samples

Matched Pre- and Post-Cleaning Samples

Test Only Samples

Samples 1544 Samples 1336 Samples 103
Detects 1544 100.0% Detects 1336 Detects 103 100.0%
Nondetects 0 0.0% Nondetects Nondetects 0 0.0%
Max 1550000 Max Max 83400
Min 2920 Min Min 3560
Exceedences 0 0.0% Exceedences Exceedences 0 0.0%
Avg Pre-Means:
Avg Post-Means:
Avg % Reduction: ‘ ‘
Samples 1544 Samples Samples 103
Detects 1455 94.2% Detects 94.5% Detects 95 92.2%
Nondetects 89 5.8% Nondetects ?§ 5.5% Nondetects 8 7.8%
Nondetects @ 20 85 95.5% Nondetects @ 20 100.0% Nondetects @ 20 4 50.0%
Nondetects @ 100 4 4.5% Nondetects @ 100 ; % Nondetects @ 100 4 50.0%
Max 4410 Max Max 2390
Min ND @ 20 Min Min ND @ 20
Exceedences Exceedences Exceedences 0 0.0%
| |
Samples 1517 Samples 100
Detects 593 Detects 64 64.0%
Nondetects 924 Nondetects 36 36.0%
Nondetects @ 0.4 885 Nondetects @ 0.4 36 100.0%
Nondetects @ 1.6 Nondetects @ 1.6 0 0.0%
Nondetects @ 40 Nondetects @ 40 0 0.0%
Nondetects @ 2 Nondetects @ 2 0 0.0%
Nondetects @ 4 Nondetects @ 4 0
Max 248 Max 15.8
Min ND @ 0.4 Min ND @ 0.4
Exceedences Exceedences 0 0.0%
Post-Means:
vg % Reduction:

Notes: The ‘Total' sample numbers do not equal the sum of the “Clean and Test’ and ‘Test Only’ sample numbers because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched pre- and
post-cleanup samples collected from the same location. Similarly, the lead and dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7, B-7a and
B-13 inlcude all pre-and post-cleanup samples (i.e., residences with only pre- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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Table 3-7. Dust Wipe Sample Data

Total Samples

Samples

Samples

Matched Pre- and Post-Cleaning Samples

Samples

Test Only Samples

Exceedences

0.0%

Exceedences

Detects 613 39.7% Detects Detects 57 55.3%
Nondetects 931 60.3% Nondetects Nondetects 46 44.7%
Nondetects @ 20 928 99.7% Nondetects @ 20 Nondetects @ 20 43 93.5%
Nondetects @ 100 3 0.3% Nondetects @ 100 Nondetects @ 100 3 6.5%
Max 3160 Max 492
Min ND @ 20 Min ND @ 20
Exceedences 0 0.0% Exceedences ences 0 0.0%

Avg Pre-Means:

Avg Post-Means:

Avg % Reduction: ‘
Samples 1544 Samples Samples 103
Detects 1544 100.0% Detects 100.0% Detects 103 100.0%
Nondetects 0 0.0% Nondetects '0.0% Nondetects 0 0.0%
Max 239000 Max Max 100000
Min 1350 Min Min 8140

Exceedences

0.0%

Samples 1319 Samples
Detects 984 74.7% Detects 102 99.0%
Nondetects 334 25.3% Nondetects 1 1.0%
Nondetects @ 20 277 82.9% Nondetects @ 20 1 100.0%
Nondetects @ 40 57 17.1% Nondetects @ 40 0 0.0%
Max 590 Max 559
Min ND @ ND @ 20 Min ND @ 20
Exceedences 0 0.0% Exceedences 0 0.0%
137.85
240.49
-38.53

Notes: The ‘Total' sample numbers do not equal the sum of
post-cleanup samples collected from the same location. Simila
B-13 inlcude all pre-and post-cleanup samples (i.e., residences

Test’ and ‘Test Only’ sample numbers because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched pre- and
lead and dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7, B-7a and
only pre- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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Table 3-7. Dust Wipe Sample Data

Total Samples

Matched Pre- and Post-Cleaning Samples

Test Only Samples

Samples Samples Samples
Detects 26 1.7% Detects 24 Detects 1 1.0%
Nondetects 1518 98.3% Nondetects Nondetects 102 99.0%
Nondetects @ 20 1512 99.6% Nondetects @ 20 Nondetects @ 20 97 95.1%
Nondetects @ 100 5 0.3% Nondetects @ 100 Nondetects @ 100 5 4.9%
Nondetects @ 200 1 0.1% Nondetects @ 200 Nondetects @ 200 0 0.0%
Max 1400 Max 268
Min ND @ 20 Min ND @ 20
Exceedences 0 0.0% Exceedences 0 0.0%
Avg Pre-Means:
Avg Post-Means:
Avg % Reduction:
Samples 1544 Samples Samples 103
Detects 1538 Detects _ Detects 101 98.1%
Nondetects 6 0.4% Nondetects 0.2% Nondetects 2 1.9%
Nondetects @ 400 2 33.3% Nondetects @ 400 33.3% Nondetects @ 400 1 50.0%
Nondetects @ 4000 2 33.3% Nondetects @ 4000 33.3% Nondetects @ 4000 | 1 50.0%
Max 2 33.3% I 33.3% Max 0 0.0%
Min 557000 557000 Min 222000
Exceedences ND @ 400 ND @ 400 Exceedences ND @ 400
441.36
51980.14
11.33
Samples 1322 Samples 103
Detects 938 Detects 96 93.2%
Nondetects 384 29.0% Nondetects 7 6.8%
Max 2.29 Max 3.01
Min 0.265 Min 0.349
Exceedences 3 0.2% Exceedences 1 1.0%
0.65
ost-Means: 0.64
] % Reduction: 0.01

Notes: The ‘Total’ sample numbers do not equal the sum of the

lean and Test’ and ‘Test Only’ sample numbers because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched pre- and
post-cleanup samples collected from the same location. Similarly, the lead and dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7, B-7a and
B-13 inlcude all pre-and post-cleanup samples (i.e., residences with only pre- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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Table 3-7. Dust Wipe Sample Data
Total Samples Matched Pre- and Post-Cleaning Samples Test Only Samples
Samples 1544 Samples Samples
Detects 0 0.0% Detects Detects 0 0.0%
Nondetects 1544 100.0% Nondetects Nondetects 103 100.0%
Nondetects @ 200 1539 99.7% Nondetects @ 200 Nondetects @ 200 98 95.1%
Nondetects @ 1000 5 0.3% Nondetects @ 1000 Nondetects @ 1000 | 5 4.9%
Max ND @ 1000 Max ND @ 1000
Min ND @ 200 Min ND @ 200
Exceedences 0 0.0% Exceedences nces 0 0.0%
Avg Pre-Means:
Avg Post-Means:
Avg % Reduction:
Samples 1544 Samples Samples 103
Detects 7 0.5% Detects Detects 1 1.0%
Nondetects 1537 99.5% Nondetects Nondetects 102 99.0%
Nondetects @ 200 1532 99.7% Nondetects @ 200 Nondetects @ 200 97 95.1%
Nondetects @ 1000 Nondetects @ 1000 Nondetects @ 1000 | 5 4.9%
Max Max 1000
Min Min ND @ 200
Exceedences 0.0% Exceedences 0 0.0%
Samples Samples 103
Detects 100.0% Detects 103 100.0%
Nondetects 0 0.0% Nondetects 0 0.0%
Max 78900 Max 67400
Min 539 Min 380
Exceedences 0 0.0% Exceedences 0 0.0%
2196.83
1419.72
16.89

Notes: The ‘Total' sample numbers do not equal the sum o
post-cleanup samples collected from the same location. Simila
B-13 inlcude all pre-and post-cleanup samples (i.e., residences

and Test’ and ‘Test Only’ sample numbers because the ‘Matched Pre- and Post-Cleaning Samples’ include only the matched pre- and
lead and dioxin sample numbers do not match the sample numbers shown in Tables B-7, B-7a or B-13 because Tables B-7, B-7a and
only pre- or post-cleanup samples are not excluded from Tables B-7, B-7a and B-13).
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The database contained 1,517 results for mercury, and 1,544 results for all of the other metals. The rate
of detection (based on all samples) varied widely from 0 for beryllium and thallium, to 100% for calcium,
copper, iron, magnesium, potassium and zinc. Eight of the 21 metals had detection rates of less than or
equal to 5%; 4 had detection rates between 6 and 60%. Results for each metal were compared against
risk-based screening levels (Table 3-8). Very few exceedances of the risk-based screening values were
measured for any of the metals. The screening value of 627 pug/m? for antimony was exceeded in 2 pre-
cleanup samples (0.1% of all samples); the maximum measured value was 1,180 pg/m”. The screening

value of 157 pg/m” for mercury was exceeded in 5 pre-cleanup samples (0

gll samples). No
%
residence had an average antimony dust loading or mercury dust loading

health-based benchmarks.

ater than their respective

ces for clean and test data.
ich §als the number of exceedances

divided by the total numbe ted., all exceedance rate on sample-basis

in the laboratory due to excessive dust on the air filter (i.e.,
effective in achieving the clearance criteria for PCMe approximately
in 35 out of 3,387 (1.0 idences and in 11 out of 785 common areas (1.40%) after the first cleaning.
The probability of achi 1g the clearance on the second attempt in residential units that did not achieve
clearance after the first cleaning was approximately 1 (>0.999; 2 out of the 25 residences that were
recleaned did not achieve clearance after the second cleaning - 10 residents elected not to have their
residences recleaned, or were unresponsive). These results suggest that the cleaning methods used were

effective in reducing asbestos concentrations in residential air.



Table 3-8. Health-based Benchmarks and
Screening Values for Chemicals of Potential
Concern (COPCs) in Settled Dust.

Health-based
Chemical of Potential Concern Benchmark/
Screening Value

Aluminum 1567888

Antimony 627

Arsenic 387

Barium 109752

Beryllium

Cadmium
Chromium

Cobalt

Copper
Iron
Lead®

Manganese

Mercury
Nickel
Selenium
Silver
Thallium

Vanadium

470366

re stringent scree
d.(see Section 3.5.1 1
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A modified aggressive sampling procedure was used in most of the apartments (EPA, 2003a). The
modified-aggressive sampling procedure was adapted from the aggressive sampling procedure described
in AHERA. The aggressive sampling procedure had a tendency to overload the sampling filter with dust,
preventing the samples from being analyzed by the laboratory (EPA, 2003a). The modified aggressive
sampling is thought to be more representative of typical household activity patterns (EPA, 2003a). The
rate of exceedance varied between the two sampling procedures. On a sample basis, the exceedances
rates in test only residences were 0.50 and 0.49% for the aggressive and modified aggressive sampling

ere 3.4 and 0.20% for

procedures, respectively; the exceedances rates for the clean and test resid

the aggressive and modified aggressive sampling procedures, respecti e test only exceedances

sample result from the residence equal or exceeded the b dances rates in

?ﬁcedures,

were 6.4 and 0.64% for the

aggressive and modified aggressive sampling i The test only exceedances rates

The methods used were e as measured by wipe samples. The indoor
environment is ¢ system that is influenced by many interacting
factors (p amic conditions, human activity, building design, building
mat : y not uncommon to find variability in the amount of

contents of the res ommon areas, and preexisting conditions, or previous activity, at these

sites.

To assess the effectiveness of the cleanup program, the wipe data were divided into two groups: samples
that were collected before the apartments were cleaned (pre-cleanup), and samples that were collected
after the apartments were cleaned (post-cleanup). Pre-cleanup lead wipe samples and post cleanup

samples were collected from 214 apartments, located in 145 buildings.
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The cleanup program reduced the average dust lead loading in residential units by approximately 16 pg/ft

(20%) (Section B.4.1).

Thirty-six residences had pre-cleanup average dust lead loadings greater than the HUD screening of
25 pg/ft’. Average post-cleanup dust lead loading in residences with average pre-cleanup loadings above
the HUD screening level of 25 pg/ft* were approximately 85 pg/ft* lower than pre-cleanup loadings. The

cleanup program was successful in reducing the average dust lead loading in 31 of the 36 residences to

The cleanup program reduced the average dust lead le
&

of approximately 91%.

Residences located on the third floor or lower

build
i

“on floors 3 and lower, by

ing floor level. On average,

3.2.3 Reduction in Dust Dioxin Loading

The measurable effect of the cleanup program on dust dioxin loadings was less than it was for lead due
primarily to low pre-cleanup dust dioxin loadings, which limits the usefulness of the dioxin data to assess
the efficacy of the dust cleanup program. Pre-cleanup and post cleanup dust wipe samples for dioxin
were collected from 212 apartments, located in 145 buildings. Reductions in dust dioxin loadings were

modest due to the low pre-cleanup levels. The mean of the average pre-cleanup dust dioxin loading in



Draft Final Report 3/30/2004
Page 43 of 165

140

@ Pre-Cleanup
120

W Post-Cleanup

100 -
80 -
60

Exceedances

40

% .

Figure 3-1. The number of samples (i.e., not residences) that exceeded health-based
benchmarks, for contaminants that had at least one exceedance of their respective health-based
benchmark. Two sets of bars are shown for dioxin, corresponding to two methods for treating
the dioxin sample results that were reported as below detection limit (nondetects) by the
laboratory. The first set of numbers (i.e., ND=1/2) corresponds to the method that was used in
this report (nondetects were set equal to '2 of the detection limit); the second set of numbers
corresponds to an alternative method of treating nondetects (setting nondetects equal to 0
ng/m?). The number of exceedances is low regardless of the method that is used to treat the
nondetects. Two sets of bars are also shown for dust lead loading exceedances, corresponding
to two different benchmarks for dust lead loading. The first set of bars corresponds to the WTC
screening level of 25 pg/ft’; the second set corresponds to the HUD health-based benchmark of
40 pg/ft*. The reductions in the number of exceedances (pre-cleanup, post-cleanup) are as
follows: antimony (2, 0); dioxin (ND=1/2) (4, 4); dioxin (ND=0) (2, 1); lead (>25 pg/ft’) (115,
21); lead (> 40 pg/ft) (84, 12); mercury (5, 1).
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each residence was 0.65 ng/m’; all residential average dust dioxin loadings were less than the health-
based benchmark of 2 ng/m”. The cleanup program reduced the residential average dust dioxin loading

by approximately 0.01 ng/m’ (Section B.4.4).

The number of exceedances of dust dioxin loading on a sample-basis is shown in Figure 3-1. Two sets of
bars are shown for dioxin, corresponding to two methods for treating the dioxin sample results that were
reported as below detection limit (nondetects) by the laboratory. The first set of numbers (i.e., ND=1/2)
corresponds to the method that was used in this report (nondetects were set e %g V5 of the detection
limit); the second set of numbers corresponds to an alternative method Sting nondetects (setting

nondetects equal to 0 ng/m”). The number of exceedances is low r% he method that is used to

treat the nondetects.

samples; the number of dust mercury exceedanc

the post-cleanup samples.

33

One hur lesgcollected had exceedances of the health based standard
(PCN#& parison of the rates of PCMe exceedances between SSAs
was restrict As that had a sample size of 30 or more. Sample sizes less than

30 were conside d reliable results. The existence of a spatial pattern in the PCMe

exceedances is not s the spatial analyses:

1. Analysis of the site-level (global) pattern of PCMe exceedances indicates that the
geographic centers of the exceedance events for the fest only and clean and test buildings
tended to be located south of the geographic center of the sampled buildings, and east of
the WTC site. Except for one location, the fest only exceedance locations occurred along
an east-west line located south of the WTC site. There is no obvious pattern to the clean
and test exceedances. Interpretation of the exceedance locations is complicated by the

variability in the number of samples that were collected in buildings (Section B.3.2.1).
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2. The analysis of PCMe exceedances at the statistical summary area (SSA) level indicated

that the rate of PCMe exceedances varied over the sampled area:

a. SSAs with similar PCMe exceedance rates tended to be located near each other

(i.e., the rates exhibit positive spatial autocorrelation) (Section B.3.2.2).

b. Comparison of the rates of PCMe exceedances across the SSAs indicated that
SSAs with exceedance rates that were significantly greater than the other SSAs
were located east (test only data), and north and east

WTC site (Section B.2.2.2).

lean and test data) of the
%

3. Analysis of the building-level (local) pattern of P(;g

neighbor methods, suggests the pattern is consi ent wi

(Section B.3.2.3).

4. Analysis of the building-level (local),

r) were approximately 2 times more likely to exceed

for airborne asbestos than were samples collected from clean

groups were not statistically significant (Section B.3.2.4).
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34 COMPARISON OF WTC INDOOR DUST PROGRAM AND EPA BACKGROUND STUDY

As described earlier, a background study was conducted in Upper Manhattan to determine indoor
concentrations of selected analytes that were identified in WTC-related dust. Several of the analytes,
specifically asbestos, lead, and dioxin, that were measured in Upper Manhattan were also measured in the
WTC Indoor Dust Program. An evaluation was conducted with these three analytes to determine if the
concentrations detected in Lower Manhattan one to two years after the coll : %the WTC were similar
to those measured in Upper Manhattan. The evaluation consists of com ’ the %equency of detection,

. of samples that were

tendency for the range of values detected to in

values from the two studies.

into what the actual val rom the EPA studies may have been. The censoring method used, as well as
detailed information fr ach literature study that was chosen for comparison, are presented in the

discussion of each analyte.

Asbestos - The frequency of detection from samples collected in the two distinctly different geographic
locations were similar, with a detection rate of 2% in Lower Manhattan and 5% in Upper Manhattan. The
minimum concentrations from both areas were identical, while the maximum detected concentration in

Lower Manhattan was higher than the maximum detected concentration in Upper Manhattan. Although
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Table 3-9. Comparison of descriptive statistics from the USEPA WTC Indoor Dust Program and
the USEPA Upper Manhattan Background Study.

Comparison of airborne asbestos, dust lead loading and dust dioxin loading measured in Lower
Manhattan to concentrations measured in in Upper Manhattan (‘background”). The most appropriate
measurements for comparison are the frequency of detection and the percentage of samples that
exceeded the health-based benchmark. Comparison of the minimum values is confounded by the
variability in the detection limits. Comparison of the maximum values is confounded by the variability
in sample sizes; as sample size increases there is a tendency for the maximum value to increase.

USEPA WTC Indoor Dust Program
Analyte
n %o min max % %o
det.? above” above®
A(z'jsz;?s 20,887 | 2% | <0.0004 | 0.0204 0.0%
(&g/%%) 1812 | 78% | <1.86 | 2530 0.9%
(Eglz’l‘;})‘d 1549 | 74% | 0.292 °0.475 1.66 0%

s/ce: structures per cubic centimeters; - g/ft* = micrograms
square meter of surface

% det.: percent of samples that
b0 above: percent of sample

¢ International toxicity equiv
to Y their detection limit.
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the maximum detected concentrations were not similar between the two areas, the percentage of samples
that exceeded the health-based criterion was similar, with 0.5% in Lower Manhattan and 0.0% in Upper

Manhattan.

A summary paper by the Health Effects Institute presented asbestos results for several different types of
buildings, including schools, residences, and public/commercial spaces (HEI-AR, 1991). The asbestos
measurements were made using TEM analysis, and counted fibers that were <5 um, which is the same

method that was utilized in the EPA studies. The values reported in the su paper were left-

that exceeded the hea criteria were higher in Lower Manhattan when compared to the results

from Upper Manhattan' P only the post-cleaning samples from the clean and test apartments are used for
the comparison, the percentage above the health-based criterion falls from 7.6% to 2.5%, which is more

similar to the Upper Manhattan rate (0.9%).

' Two data points were removed from the Lower Manhattan data set for this analysis, as they were identified as

outliers in the lead data set.
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Figure 3-2. Comparison of airborne asbestos concentrations from WTC Dust Cleanup
Program and Background Study to concentrations reported by the Health Effects
Institute (HEI, 1991). The table includes data from the test-only data (LM-Pre), and
clean and test data (LM-Post) from the Lower Manhattan Dust Cleanup Program; Upper
Manhattan data (i.e., background) (UM) from the WTC Background Study (EPA,
2003Db); and, the residential data (Residence) and the data from all buildings (All) from
the HEI summary paper (HEI, 1991). The results of this comparison indicate that all of
the values fall below the health-based benchmark that was established for the WTC

. Indoor Dust Cleanup program. The only exception is the maximum values that were

reported for the Lower Manhattan data set, which were above the health-based
benchmark. The maximum values from the literature were not reported, so a
comparison cannot be made. The mean values from the literature are higher than those
reported in the USEPA studies (after replacing non-detects with 0). This may be in part
due to the high number of non-detect samples that were present in the USEPA studies.
If the detection limit were substituted for the USEPA non-detect samples, the means
from the USEPA studies would be near 0.0005 s/cc. Its likely that the true mean
asbestos concentration in Manhattan, based on data from the USEPA studies, lies
somewhere between 0 and 0.0005 s/cc An estimate that is in the middle of the that
range, e.g., 0.00025 s/cc, is quite similar to the mean reported in the HEI summary

paper.
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The best comparison data set that was identified for lead was the 2001 Housing and Urban Development
database for lead and allergens in U.S. housing (HUD, 2001). This database provides data on lead in
settled dust from urban residences in four regions of the United States (i.e., Northeast, Midwest, South,
and West), by building age. Information on the distribution of lead loadings for carpeted and uncarpeted
floors in housing stock ranging in age from pre-1939 to 1998 for the Northeast was queried from the
HUD database and descriptive statistics were generated. Values for samples that were identified as being
below the detection limit were substituted with ¥ of the detection limit. The minimum, maximum,

median, mean, and 90™ percentile values were plotted beside the same valuesf m the USEPA studies

(Figure 3-3). The horizontal axis reports the results from the test-only et from Lower Manhattan

(LM-Pre), the clean and test data set from Lower Manhattan (LM-% r Manhattan data set

health-based benchmark. The LM-Pre mean was jus‘f&ig § \
were similar, and the UM mean was the lowest. The comp: i imum detected
concentrations varied between studies, the means, medians, and percentile values for the LM-Post,
UM, and HUD were below the benchmark,§ - for the LM-Pre data set were

below the benchmark.

dioxin (NYSDOH, 2 report presented data (Binghamton data) for wipe samples that were
collected and analyzed for dioxin using similar methods as those used in the EPA studies. The data
represents the seventh round of post-occupancy sampling, which occurred in 1999, 18 years after the

building fire. This was the last round of sampling because the dioxin concentrations were very low

* One data point was removed from the Lower Manhattan data set for this analysis, as it was identified as

outliers in the dioxin data set.
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Figure 3-3. Comparison of dust lead loading levels from WTC Dust Cleanup Program
and Background Study to loadings reported in the HUD Survey of Lead and Allergens
in U.S. Housing database (HUD, 2001). Data for carpeted and uncarpeted buildings in
the Northeast constructed from pre-1939 to 1998 were used in this analysis. The figure
includes data from the test-only data (LM-Pre), and clean and test data (LM-Post) from
the Lower Manhattan Dust Cleanup Program; Upper Manhattan data (i.e., background)
(UM) from the WTC Background Study (EPA, 2003b); and, the data from the HUD
database (HUD, 2001). Values for samples that were identified as being below the
detection limit were substituted with ' of the detection limit. The maximum values
detected in the LM-Pre and HUD data sets were similar, although the LM-Pre value was
higher. The means from the four data sets were all below the health-based benchmark.
The LM-Pre mean was just under the benchmark, the LM-Post and HUD means were
similar, and the UM mean was the lowest. The comparison indicates that the maximum
detected concentrations varied between studies, the means, medians, and 90™ percentile
values for the LM-Post, UM, and HUD were below the benchmark, and all but the 90"
percentile for the LM-Pre data set were below the benchmark.
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throughout the building. The values presented in the paper were reported in Toxicity Equivalents
Quotients (TEQs) where congeners that were below the detection limit were set to '4 of the detection
limit. The minimum, maximum, median, mean, and 90™ percentile values from this study were plotted
beside the same values from the EPA studies (Figure 3-4). The minimum, median, and mean values from
the three studies were very similar. There was a slightly higher value for the 90" percentile from the
NYSDOH data set (NYSDOH, 2002). The minimum, median, mean, and 90™ percentile values were all
below the health-based benchmark. The maximum detected concentrations from the Lower Manhattan

data sets (LM-Pre and LM-Post) were marginally higher than the Upper Manhattan (UM) and
: %

Binghamton data sets. With the exception of the UM data set, all of themaximum values were above the

In summary, a comparison between analytical results ];ﬁ 1
that the number of samples that exceed health-based criteri ) years after the

collapse of the WTC are similar. Additionally, values reported literature for these analytes indicate
that the mean, median, and 90™ percentile V§ | rted in the EPA studies, with the
exception of maximum detected concentration

literature.
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Figure 3-4. Comparison of dust dioxin loading levels from WTC Dust Cleanup Program
and Background Study to loadings measured in an office building in Binghamton, NY
by the New York State Department of Health (NYSDOH, 2002). The figure includes
data from the test-only data (LM-Pre), and clean and test data (LM-Post) from the
Lower Manhattan Dust Cleanup Program; Upper Manhattan data (i.e., background)
(UM) from the WTC Background Study (EPA, 2003b); and, data from (NYSDOH,
2002). The minimum, median, and mean values from the three studies were very
similar. There was a slightly higher value for the 90" percentile from the NYSDOH
data set (NYSDOH, 2002). The minimum, median, mean, and 90" percentile values
were all below the health-based benchmark. The maximum detected concentrations
from the Lower Manhattan data sets (LM-Pre and LM-Post) were marginally higher
than the Upper Manhattan (UM) and Binghamton data sets. With the exception of the
UM data set, all of the maximum values were above the health-based benchmark. This
indicates that the dioxin concentrations observed in the WTC Indoor Dust Program were
similar to background, and similar to values reported in the literature.
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